Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150013-1

50X1-HUM

Hanenging the Fhoed.

Moy ) ntipd for oand
Grnnbunte af Mot mmn.mc:mm(.m.nmm

PUASE AR

YT XA —‘E P_
N L e G B tocinicnl Jowrnel, SAMASAYA Yrnauehl
o Po'yo, Vol X, e ] (Auguad) 1975

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150013-1



Declassified in Part - Sanitized Copy Approved for Release 2012/04/23 : CIA-RDP82-00039R000100150013-1

e el e M 6§ WA ¥ fte b menif Ba

Cmeg - :
WW&W R I e | W v R 48
i

'AWM”W”MWIMNM'(M) i

, , = SATABANA Tavushi, !
PGROKV Teperial Tadversiiy. i

(Ne¥o1 The fellewing repert waa deliversd 25 November 1933 welexe a lesture
aoeiing on spplied dynasics, md later appeared 43 a Topanese-language §esh.
atcel Jowmnal dated Awgwat 1935, The tadle of centents is given firsh belev.)

LADLE OF OONYRRLN

Author's Abstrast

Introductiion
1. The Apparstus for Neaswiing Thermal Genduotivity
2, m.n;u of Detornination (
3. Asalysis of the Tespersture Yeve
4., TPhowe Diffevesce end Thermal Senduotivity
§, Terminal Rffects of the we Faves of the Oylinder
6, Traneient Fusnenena
7. Period and Amplitude of the Tempsrature Wave, snd She Movewsnt'of Holsture
8, Preparing the Rxperimentsl Data
| 9. Density, Porosity and Meleture Content of Moled fend
! 10. Tha Tharsal Conduotivity of Malst Bumd

11. The Rate of Heat Tranemission in Melst Sand,

AUTHOR'S ABSTRACY

! ™his 16 » centinuatien of the firsd repert, vhioh vas glven in tho eame

K journal, Yelume 35, Nusmber 181 (May 1932). It dioeussed s methed for measuring
Cbwrasl sontnodivity by ompleying o SEeNap of 60sand & Semperature vave of

| paxixun asplitede 0.2°C vhile at the same ¥ime proventing the movement of mois.
N ' fura, After that reperi, we improved the apparatus for monpuring thormal oen.

| ductivity and eubenced ite meovraey, mainly by vaintainisg tho cerrest Zrequamay
of interraption of the hoating eurreat snd keeplug fixed the averoge temperaiure.
A the sane $ime we Anvestigated mathematically the movemsnt of molstwre and the
, trensiont-atate terme which oreo éne te verlews orror-esusing influeases - namoly,
E (1) the Lufluonce samsed bty the tomperature weves's nab belng s pure siauseidal

F‘ wKvo! (ﬁ) tho torsinal effects of the tws end fases of the sylimdery (3) the

El imdtdnl dietribusion of bouporature. Vo vonslder matheds for remsving $hese conses,
!
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- Vo net only atteupied % experinents 1 nu n wind sxiead the Srendlient- '
_ghate Yarms asd the Semporatuze vave! s Fogmna sad amplitude ehangy during '
nb:ocuou to heat apd whother She melsture meves or »ot, Yub alse seught the
relation Betvees (a) metoture centemt and perveity and () thermal oendnativily
IR tesd smsples of parwes wlding semé, Yy varying Whe heating currend and Lre-
quency and bolding seneiaat the Asnsity during drrlnclmd the average tempsrature,
From the fach thﬂ all nu expeximenial revalte lis well en the same ourve
ve confirmed the ﬂlmn o2 nevement of melsture end leamed that the thermal
conduotivity of melding sand inoreases sbreptly if the misture i inltially ab-

porbed, mh becomes very great fer a certain meisture sontent and Shen decrenses,
on the contrary, at lover yalues of molature vontent. Ve found ¥hat the mte of
heat ﬂﬁ.nw).uion inereanes vith molsture content rapidly at first and then slowly

aad finally boeonu evveral times that of dry onnd, The yate of hoat transmieosion

in Ary sand vas found by mathods other than the M wethod .- namely, by tha
conmpurdaon, wrlinder, and injection wethods, Ter the vake of verifyine the acru.
racy of the axperimente we comparad the valaea due ie these mathods and found that
theare wine an sccuracy of g 48 . The ubuve results ore in agreement vith early

practical knovledge snd cOMNON SN0,

THTRODUOYION

Vhen sn Am-pt ie made to detarmine the rate of heat transmission by the
woual method of measurement the molsture oewbem graedually woves decauss of the
ateam prowsure from the high-tempuratiure pertion tu the low.tamperatare portion
(bessuse thore waed be suah diffsranses in Ssmperaburd Ln 0be deat raberial), thue
| paking the nmuumnh aiffiouls. .

l When shors.peried lsw-amplitude tomporature waves ara Sransmitted throngh the
‘ teed matorial aud the phase diffovence of the waves st tve different poinis are

| nemstred, soch point within the tewt material is quiokly and repsatedly heated and
} conled nnd thus the average temporature csn remsin conabant; Aherefore She author
i © planned Yo cesk the thermal sonduotivity under the cunditien whers the movement of
moiobure has besn chopped,

Tho fired repoﬁ described the nature of the teﬁpﬁrnﬁuo vare and the appava-
tug for woswurisg the thermal conduotivity, Ltat oinee then the apparatus sad other
things have beon 1I13r§vmd eod tho atcurnoy of mensursment aleo hawe beon enhanced

|
!

i

H therefore n brief desmription of results will be given, ¥Fer the sake of reference
i
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1ot 8 nobe Ane mein goiats of She proviens uperdt () ¥o sonsidared ke variens |
" phanomsna Shat express $ha Vime when the bemperature wave passes Shrwwgh sha waie- :
<ffeiad, wapacislly in Vhe oade Whare Yo Semperature vave eemd fred wbeile & o7l
tader, () Prom thesa revalis we dedwoed \nat in the sy)inder-snaped tent matorial
puarely sinusoidal Vowperalure vaves pass threugh with comparatively ne dampingy ve
vhen sowght the phase dlfference by dxewing Aho Vave vith the ald of Tesistance
therzopeters vhich are installed all arownd the eylinder snd on the center lioe,
(¢) Wa shen pas an asbestus layer ou the ontside of ib;o tost maberial snd snalysed
the vave in m layer; Ahe fundamental vave only passes Shrough the layer, vhieh {
serres to dawp Vhe high-frequenar weves, thus permiiting » parely einusoidal teup.
ezabure vave bto be obtained, : |

1. THB APPARATTS FOR MRASURINY THRRMAL CORDUCTIVITY

In order to tamp tha waet test mhﬂu'oomnchzl;‘ﬁ; into tho wopper oylin.
drieal tube shown in Pigure 1, a platen (3) with small holas in the center 1ine it
ueed; whan the test paterdnl hao Yesn mnde sulfieiontly hard by ralaing wnd lew-
aring the pleston, a resistande thommtar%which neasures the tenperwturs vave io
the cﬂntur‘({f}.- ie oarefully and ucmxmnl.;' inlhl'lod in the centor portlon.

By this mothod ponunifornity Ll the experiments 1¢ avoided, eincs roximn
donsity of the pewdery matorial 1s obtained and the deneity at the time of deying
aluo Lo approximately fixed.

The temperature wave outaide the tent matorial ie examined Ly means of a thers
wometar (5) attached closely o %he outolde of the copper oylindrical tobe (2)1
the tube i¢ wrapped with ::,f.‘i\i‘.‘ﬁrl. YRp prem——————E PR T
this L4 wrapped hest¥ing niehrems wire (8),

Tho appserance of the mevw ppparatus is shown im Figure 2. The pointe of im.
provement are susmardized as follovar

(a) "The test materisl is sempactly pocked o sveld nopunifermity of rewults.

(b) The alterating-eurrent source hae been olimineted, and o direst current
from o baktery in used Gwemssd to heat be nlohroms vire (8), whiech s completely

. 5 s e

concesled in a steol im&o provent sleatrical d;m- (Figurs 1),

(e) 1a order to maintuin & constant aversgo temperature, all the test materiul

{o ineerted inside of & bress tube (9) and immeraed in o large weber tud (2) oguip-
ped with on sgitater 4o keep the waler ot & sonstant bespersture (Pigures 1 and 2).
(@) In stond of o2 mmnoggww sarrend fwem an olestirie moter, a

vlack-patabed setelrouler as\:f{;@m@ to (6)) the oxte of o eleck Lo wsed whieh
-3
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interrmpts perbedionldy tRe Doos of 1ight Yo Sha phateclesirie tuhe (5) sonuecied:
to the amplifier (4) snd $ho relay (3)1 "ol & senstmnd eurret Lo passnd thrvegh
the niereme heating wire parledioslly, Vkms predusing the temperaturs vave, The
(hErind | oaa Yo varted vith 1he Taage of 20 Ve 300 Ssbee by sdjusting Vbe hatn.
upring balance whoal and the ineert sog-whesl (Yigure 2),
(o) In dahminlu She Vime, the matbod where the lamp 1o 114 end exbiaguish.
od by contact ba""ou.i vater asd pendulum has deen dissontinued; the beam of Llight
Ao interrupted by o oloek pradelusivith alreod -hun:‘q of lomnd Lv phﬂmuph-d
oa photegraphic printing yaper (7) (PLgure 2). |

g, LIQYS OF IIPREMINATION

eriod '
14 1a deatruble that the #&«:uw and mrplitude be as small as possible, but

PR —

tho range 4 naturally limited by the experimental instrumunts that oaw be employed
et tho predent time v
Whep racording the temparature variations by connecting the reelstance therm.
netoarivith rasietmave ra ohM)r.u ths Yheutetone Vridge as sbown in Tigure 3. the
battory of voltage B volta ahould be so arcanged thad the relatlon 1 r3>r..)r
v fulfilled in order tha\ goed sonelllvity way be shtained. '
If the resistunce of the s.lvam.-mh‘r in r‘ ohms and i4n sunsibivity An

t‘ emp/mn and 1f 4 1s proportionsl te r‘* o then a l-ms wovement of & point of

[
1420t on photesraphic priating paner which i at a ddstance of 1 moter fron the
galvanometar will be equivalsnt %o

5 296/ ma m (1g/0g®) ~§n"~‘f(ml)2(r or n-gu-,‘) (1)
(Nots: Ahis wan derived from the formula for BY tn the first report.)

Here n im

n @ rpe(rperpergeny)/(ryary)(rpimy) (2) |

und bYeacomes 1 vhen the e end 4ho eztornad resistence of connection are squal;
the meximum value of &n’é(n ¢ 192 \hea becomes 2, 8y 18 tho Somperature cesf.
flolend of ¥he resietunoe whon T 1s given in *0; for pure copper iV equals _
0.00427 ohn/°C, m&:;nro ollver 18 48 sbout 0,0038 oha/®C,

Yor m:nplc.‘ 1f oneo uses TOKOXAWA Mnetmr'u DBD-typn, T % 10 ohea and '
1, ® 150/10%0 wwp/mm 1n Sho copper-vize twermometor with reei stence 7y ® 11 ohus;
and if ene solects the values 1y = 1 ehm, 1y e $ ohms, snd »y = 55 obme, bhen
n docomss o= 1, B volto is 1imited Yy the heating effecs of Sheo ourremd flow.
ing in the resistance ry M.Aa‘:m above case 14 becomes at $he mni; | Y
70l1%; thereforo 12 this arrsagement 19 employed in the meighborhood of 0°0, we

-
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heve Trom oquation (1) the huw&u.:
( X 1so-w1°amz/(u.zvmo-3 " 0,00050) *0/ms . (2
% . Yu the case of proctiesl seasuremeats B 4s made ss smell . possible; there.
fore wAer eptiswa condidiens & 1-ba moveasnt of ¥he eped ¢2 Ligh} eorrespands Ve
12073 %,
8ince the mpet of Light mast ehav ab l;ut an anpliveds of 10 ma, the femper:
ature amplitude thal asa be measured in the fomperatury wave for a tYesh samle be-
comes 1-1072 %0, :
Tadle 1. The Miniwun Valae of l‘. Corrvaspouding %o the Burface Tenperature
Awplituds !.
L 0%  0.2°0  0.4%
Semi-Infinite Solid 0.60 0.35 0,26

Half Plato 0.3 0,22 0,17
Oylnder 019 013 0,10
Sphare 013  0.09 0.07

Table 1 rosulha 1f enas takes the adove.mentionsd Vewpernture ‘amplitude of
1 102 %C » the besis for deriving the miniumn pariod that van be usad vhen Lbe
tesh waterisls are. (A) somi-Anfinite eolid, (3) balf pleme, (O) aylinder, (D)
aphors,

Rere ¥, + ¥1/R, kappa w 44 Mo thermal conduedivity, tau T i Ahe peried,
B L8 the distunce from the surfacs 3o the poind of mensuremsnt, If the surface
teuparaturs meolitude is given, P, vhen miniwan amplitude e 0.01%C Ls sought
from the tadle; 1% 4p ales understood that the poriod mat be made long if the
toat matoxrisl 18 a subetance with seall thermsl condustivity,

In exder %o learn s practicel wulso of the peried Swu g, let ue sseum that .
we m measuring soms Anoulator legglag suth s sardemised cerk vhooe ‘harmal con-
suctivity o w ¥ 0.00072 u/n = 0,002 on’/s .

In the moacuresents » swall poriod eas be wsod but orrors of nsssurowsnt
ineroase 12 2 Lo tokos belew 10 mm; therefors 4f R i 1 cn the relation betwaon
r:o and T, dhs paried in seconds, deconos au Rhewn in ZTable 24
soble 2. The Miuiums Porled v Thab Oun.Used in o Substemes ¥ith K= 0,002 en/s

furfacs Temporsture Aoplitude £,  0.1%C  0.2%  0.4%

SeadInfindto Bolid 500 .18 13
Half Fleme 170 11e 8%
Oy1inder _ 99. . 65 %0
Sphare 63 L2 3
r 8- :

s v 4w e e e PR B s . AP BT BRIAG. -
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Tinally, the peried As sbrongly governed V7 ¥he geometrionl shape of the beet
ebjecty the peried pust dnoresse gemerally in the follewing ratlees 2131 5:8 for
4

y ]
" vhe following erder/ehapes: sphers, Gridnder, nalf-plane, wewl.infisite wolid,

Trom this pelnt of Fiev the ophare 19 She Baut shape, gmd nover has the so.called
taratosl o(ﬁoou ta be diponaped laber; axperimentally; hovaver, 4% s aiffienlt '
to 1imit the Shermwseter t¢ the oenter point only, and in additien she lend wires
inteysest the Lsothertal surfaces, Vo vhiak diffiaulty must be mdded the compleaivy
of comstruction in haatizg. For thoue réasend we sslected the gylinder 1natend c;t
the sphere. Copsequently, the pindmm peried in the oase of weasurvmente of lnau
ntor Laggings is about & veconda 1 a Eaximun temparnbure amplitude of O °C 1»
perattied; 44 1a very difficult te tuke this mipimun anplituds dbelovw 0 BoGunAN

yhea the wuhstances poehaed about aversgy thermal eynstanty

3. ARALYBLS CT.TEX TEMPERATURE VAVE

Ya have already pantioned that whan an arbitrarily diaped tomperature wavs 1e
propagoeted Lueidn @ subatan.e the high .froQuaccy waves are MHCOA\'JLY dnped o
that enly ihe fundapental vave \e trapamitbed, wvhich fur al) practiocel parpodes
finally heconss & stuunoldal wave, however we uball $xy te determine to what ex
tant thie 19 Cyue.

Bince the cooling, ter sanll temperatute a4 fTerancne, ir preporticnal to this
di#farence. the terporaturs wuve that s produoed when a constunt current 1a inter-
rupted poriodically in & slchrone henting element aseumes o negative axponential
form of 8. Yox example Mgurs 6 in the firet report shows the ouyve of a weak
eluctrical current with a perivd of 5 mLoutes, obtained in measurenents made on &
standard glase plate, This vorresponds bo the case where s it 0.5, which will
be oxplained delow. Tigure 1{d) recerds ty means of & thermooups the variations
{n tempersture in the neighborhosd of & heating slement In the onse of weasurements
with damp wolding wandy beeause it wae tosped u.. gtael tube,.ths induction offeot
dus te current interruptien im the nedghvorhood ef Largost and smallect valuos
becopes evidunt iv She form of & ousll vave,

fhe temporsture wave near the heoting elemont is called & garface vave, If
\he muplitude s dsiken ns A, ve haver

turing heating ¥z 2( 1 - ¢*)/C 1 - o) ogxsw

during ceolinmg Y % ?A(o"'"(“"‘) w1 0™ exx% n}(h)
Alpha & 10 o comstant Shat depondo on the oloctrioal eurrent ad om the conditiens
of insulation, and hocesad large 1f the onrrend 18 weak mad the pertod iz wade long.

ol iy A g Q@ TN .0 w oAby hem A P I o
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Vhe value of & is elese e 0.5 and in Figure Ma) 48 30 elone to O,
' Ansdysizg formula (7) snd subsrecting he oenstant A ["in the first report.]

2 goht b ler™ @ Tonel)x - arotan(Z2L )7 (6)
: v;A'-w T AT RN (mﬁ")" H e
Toal
It a= 0.5 vhen we have (5
y # 0.868 Trata(x = €3.45) & 0.3230n(3x ~ 80.55%) ¢ 0.OMbstn(Sx - 8. %% +.]

If a» 0.0 then vo bave
yw 0.8120°(ofn x ~ 0,111 #in 3x ¢ 0.04 #ln Sx ¢ or ) (sm)
Ia thees kinds of waves the second higher frequency does not appear; the ratie !
of "'3 Mhe meplitude of the Shird haxvonic snd Ay the asplitude of the fundamental
vave 1o given e follovs: Ay = (/N T4 @009 46 (e '}!
|

Iu order to tdmplify the initial oxplomstion and the namerdcal caloulatlons,
let ue conwidev the follovirg case: an snalytical layer, as in Fignure &, 14 placed
on o semi-Anfinits eclid material te dbe tovted, with the censtanty Ayeorok (the luy "
ot Las a thicknese of o and ite constantn are denoted by the subsoript 1). It !
viil be aesused that a parely sinuseddal wvave v trensmited from the exterior of :
. the analytical m::;ilhn « stationary vtats bas been attalned. ' ‘
If ve afwome \he temperstire at the poind of dentact ( x » & ) to be l
?)"fmdn(-n - §g) + Mhen ve hare
na 2V cteontle/t,)} o oZutnZ(n/1 ) } -

9, © wroien L“(czlcl)"ﬁm(i‘/fo\'*j.

Hore f Y /a
£ (1s d)eoxp bw/2, )'E # (1« o)exp ~(1/!,)
%=(14ﬂwn(ﬂgﬁ o (3 e <laf2,)
o = (Nev i °171)& ;
("\ayﬁ stipalates She megnitude of heat transwisulen during the trsnsient {
stabe, ant La in pantrass to X ke rate ef heat trmnemiesien during the stesdy udste. ;
fo put it erudaly, if they are cslled Semtatively the hoat tranepoxt rate the quan-
t1t{mos rp smd ¢, vill differ depeading upen the ratie of theve rates and conmse
quently tho analyzability toe will vary. Pable 6 shows the results obtained fer f{
™ ond ¢, corresponding s various values of z, and e(o=0,1, 2, b). ‘
| fho sffeat of \he analytical layexr is showm by She ratio of amplitudes
(A?’/Al)m“ of the Abind harsonle weve and $he fundswental wave mb dho poind of
esntaoly thozefore if sne calewlsbos sad geaphe the influence of £, , ¢ b n a0, |

i SH-TOOLH |
that 19, 4n tho cave of Hislgomensdode surfnse waves, {hen one oblaine the p034d line

-1- N
! e A w0

L omoa P i I SO g

FSTRTIN wy e mowe

0 Frae *
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_im Mgure 7. The greater NQQQ{M foiesopyrt [the mare ¥he snalydical
aVALLEY Laoressen; W cwerally 1% Deotmes leon thaa 1 of Vhe awplivade of

‘he Mmuhl wave 4f vithin .2 0.24.
h the oase of & cylinder av shewa in Figure 8, the Samperaiure st the

boundary fase is given by 7.2y atn(vtzr.) )n! the :oumw
FJog® rnmmwm ¥ Nn)y(n)\/ <n} :{ﬁ ..um‘ (®
‘1'(‘) K, '(2) wghi(B)|

Rere K, )ﬁhrﬁllol'hl‘\/;h
ALY ~ "
keryauit (1 1/e) « Lot VEIN]E, (1 0 B/a)

i 13

ber YW/ ‘R ¢ L batyfw/n ‘R
bcr\/z';ﬁ: a\/ul/-« (B/n) o 1-bei\fﬂ7r.'m(n/|)

b, (K) = LV/a(ber VT 7 s t-ootfiRyen] / T

b(R)

-

ot

Thersefors we have relatione betwesn the retls of the radii of cuvrulura

a/h  wnd the ratie af therual m:xdaaum_y " 1/., . bestdew the rats of huat
transport o . The dotted Liue in Figare 7 shows ihe snalyiical abllssy for
‘variablos /R and f, at a1 oaad LSYARLIRY The smaller a/R tvho wore the

annlriianl effoct inarsases and the mre the aaus of p onnd .anfinite wslld de
oprpranch

1£ anbestos papsr 18 uUsed as Ahe saelytical laysr snd the test material Ls
woi sand then we have o & by in tha renge a/R 4 0.5~ 1,0 and below £ 0.25
ve have AB/A.1 » 0.0) .

The mbore concernsd a relatien datween \he surfmts wave and the temosrature
wa?s at the boundary face bub the previous !ftmxra 4 ghows ourves for arperimeutts
sa web sand to detarnine how the forn of Vhe surface wavs variss when paseing
through tho analytiocal lu‘nr and threugh $ha teat matorial.

(4) 14 a temperature wave in the nelghborhood of & nichrems wire; (e) Lo
inside an anti-industamee steel tude; (a) 1 enlside a sopper tube; and, finally,
(v) Lnl the tomperaturs wave that 1 recorded ubore the ocentar line. Hovevsr,
the anplitodes are roupostively acoording o theus ratlocs since the.two galvano.
metery reguinted the voltage of the battery and thus variable wunelvirity was
ueed ,

I¢
fo dotermine the variatien in 4his wave forw see chr« 9. / relative to the

fmdansatal wave 71,tm third harmonis wave 7y mmmm upon

ors o phase b &M: n h' V)

passing threugh She 1 T fesdeb R pltion then the m’uo of amplitudes

- B-n - - R - -
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coneahe dAfTer wad Eredually o simnselfal vave 1s spproschady actually, bowever, be
phnae lag 4o imeller Yhex 3 tleen,. Oonsequantily Yho relative phase difference de.
*““tﬁu; Ty md 7, besomas sll, and Ty akvinces relative 2o 7,. As a resull,

\ha negative expensaiinl owrve changes: A% eanvax-wpvard partion to a eemcave-

upward shape; o censavs pUrtien sppesre ad bhae a W were i ayprosched,
vith the frowt suickly besaming & pesudo.aimisoidsl wave mnd sha rear portien alevly

amtmlag & prouds-sinaseidal wave shape.

4 PHARG DIPFARWNCE AND TEREMAL OOWDUOTIVITY

When a purée sinnsoidal wave 1s sent thoough & oylindricai=ehapsl test material
the phase lag j' betweim the 6ireunferential porticn snd the sonter hesonvs a
tua-tyon of ro*: '“/Bz vhiah Laups togevher v v, R, Delow let wi consider hav
erro=s in the measuremmd of ﬁo 1a reflectod in the thersal condupiivity » and alee
11 T, may bo determined fron ¢, when Yhars is nok & pure vinuseldal wnve

Fleed \n oider Lo tnradligase tha effwct on !o by ‘c . we durife Lthe re atlon

hetwaen AF, ¥ wnd «Lo‘!.;_ . obtatniug the falluwving saspreesion.

o~y
" i ‘e - A ) ‘
e S . I . opg 2 i, .2
e B e OV per T e VR A,
Ui = - cmam ' | -~ o m e 15 it ¢ e s . o it :
¢ ;f” W A [ L. 2 K K : . = .
f e G0 ) e i e A Pt . .
K R Copghoer ] ud = oin S ne)8f Fo ', |
° L) ‘e ;;
v
LA ‘
SSTRIA TR 2
v P
K

When 04,/4, ¢ 0.01, that is when §, suffers 1% dietartion, then T, uo:nrd.mg‘tu
Figure 10 varins in the range 0.5 F.> 0.2 and mffers o 1.7% Qatortion If the
meastiremonts of R and im T are dorroct, than only kanpa ¥ booonu' affestod,

Foxt. 1st as see what the remilts axe if the wave L5 nvl m purely sinusesdal one,
Favy the previoua seokion, Af the value "1'\'/‘2': 7, in the analytioal Layer 18 1ot
takon below 0,25, then the third-hermnie wave arvund the cylindur rymaine wbout 14
at \he least. Oonsaquently, the temporature vave eround the eylinder 1s a combipation
of tho fundamental uu/ﬁ' £,> 0,25 and of ths third.harmcnis vave wilh a phase
difformice §; Share is no neceseity ef cenaidering harmemics nbove the fifeh,
Thet s, he tezneraturs wave 1s given dy the following axpressdont ‘

Yy eTye A'lun xe A‘Jﬂn 3(: w $) (10)

This comvination wave y 1s intersosted by She horisontal line y ¢ as in
Pigare 117 4f tho enfle inciuded betwoen the $wo poaks s taken a8 0, Shen we have:
A oin x o Agein Xx ~ ) @ ¢ u Auin(x v 0) & Aysin Nz 4 0-p)e OConsoquently, in
order thad x o }o © po¥, wo mist have | = 0 giffor © = 120°. 3inoe pel | gemerally

oo, WO
4008 not bacomn 0, the anglo dheta n,mmem detwosa o twe poaks ”ium horisontel

(f \
' . ey e - %ﬂ - L S TR R ree e o

i
Faw
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' LR

1aa Laterswthe 1ho wove, booemss eqwid to 20° cad Ahersforeithe vertiond dine
thravgh half of @ passes threwgh $he wvmad) of the fusdamntal vave, Acsording
te thid methol ane san odtaln vitheus diffienliy Vhe meximan niu/t:n pare sis-
usoldal vave whieh iw eemposed of the 3rd harwenie wavs, (Nete: thgnm we
may take O « 760/n when enly ens n-th harmonie is laelwded,) ;
For wie sake of refersce, Lot us consider the methiod fer ebimining the
paagy ALffarince by Yaking $he wrdfel method when 0 % 0y thal iv, Saking the
pexlmn vulne of she qu'poﬂh wive, Than, for the sske of brevity, iake y in:
formwala (10) mu 7 » hyoow X' o Aqeen Xz -9 (11)
and assume the renge of valuss of x a8 j¥< x& o §w . The valoe x! of x ,
when the waximun yaluw of ¥ 48 taken is -dtalned from the follewing sxpreasioni |
 Agotn T . JAy win X(x' <) % 0 (by differenvisting tbe above and
untiing dy/de < 0) »O MMBXIiMINS
1f x" 1a taken as ¥bo value of x' vhen,Sha differwacs botuewn the maxiwn
valuer of the fmdosealal vaves, x 3 0 sad x?, tbheo we have
ain x' mu,/ﬁ) . (12)

Blmilarly wo gov .
: s xf b8 . $%)]
Wik tewn P(cﬂ)

vheaALh aethod shihied for obtaining ¥he in.phawe pofint at 0 » 180%
1n thess oauss, Tadla 3 nhows how fat the phane of Yha compodibm vyve ie
from Vhe aaximum value ef the fundammmbal wave and when large. for various values

of the amplitude rutls A-,Itl p
Table 3 Macimm Brror According to the i&mu of Detarsddaing Phass Differences

Afhy 0.005 0.01 0.02 0.03 0.05 0.10
r? (00 0% 0.89 1,67 D450 5.17 8.67 17.%"

x" (0 u 180%) 0,33 0.67 1.17 1.83 2,83 5,83

° 8, TERMINAYL NOTBOTS OF SEN TWO FAORS OF ¥HN CYLININR

“

Gonerally Lf an sltsmating current is used the terminal effect cen be made
small in comparison with the cmse for a steady ourrent. (Note: see page 325 of the
April 1932 iammo of this Jmml.) Bepecially if 'o is small 1{;0-1 be owpletaly
disregarded in the cese of ‘dried specimens, but in wet apoc:lmn_n if there are temper-
ature differences st verious points within the specimen due to the influsnce of the ;
terminal effsct the twwmedos movement of the molsture.eswbewd will begin to ocoury I

7%,

e s e e o aemie A m aw dppeivly 4L e . P i A AT ot . . P -
i ]
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beretore Whis met be guerded ageinet a0 BtleTAmALls Ooceequuntly the $0p and
bottom and faces of the eyldnder are Mghtly coversd with ide, md the moisture
nioemvamt 18 Prevented from es0eping 1o the GXterior] &b the sume tine the aversge
temperatire at the various points in the specinen mast be maintained alweys wniformly.
We consider two methodsi maintaining at & osrtain constant aversge’ tempersture
the end faces by employing some insulator material for the lidej .;d keeping the
average temperature constant while letting the temperature of the ond faces fluotuate
by selesting some good' cmduotor like copper as the lids.
Since the nuserical caloulations are simple let us see the effect of the top
and bottom faces oo the horisontal planes: When the 1ids are rudc of insulating
material and the top and bottom faces are kept at & uniform tesperature; the center

“
temparature T, under quasi-stationary conditions 1a 7, -‘liIl(ﬂ ﬂ ) wvhere eta im

(.z;\uuhfi’ml.) sin(n(2nel)/2) " °°’hE\ coozﬂ /(couhiolzln * linhtnlin,zn))

o ‘E(w“)“/?n,” sin(n{2nel)/2): umEn ,m'/“ /(eouh?_:nuo.zznb ﬂnhz‘l‘mzzn) )5

ne*o
and the angle phi £ 18 the acctangent of the following ratio (namely, the square root

of the last tarwm dirided by the first tarm in the above expression ‘for ota '/e n

e ~ ¢ ynf € n
3 S YA "

-~ ' iggv‘ ‘ u~‘g -t 1hr J'n?
g 3 ' '

.
[ e s
> -
e

-

B TR T cosh b, eenl.,

e M PR -

W o mhE s g,

1]
reshn b cos'y,
§é¢~.bew-in.--1-p(m)

Hare x!{ n‘ and sota zﬂ are given by the following u:prouimu

g - (v G & e/t ) ¢ (uar/i? ')l/

/s ,‘r(Y(mn/L)" v (/1) - (wr/)’ )
1¢ we cospute § for several vaines of the ratio L/R and for F, -l.voobutn
Table L 3 in every case f, came owt small. An error in the phase difference is
revealed whan cospared in the case where L is very large.

Table L. 'The Influense on the Phase Difference of I;Bomuu‘ropmd
Bottom End Faoes

Y /R [ 200+ (o= o)/8,
:}:.88 2 : 84,633 -1;:5118)9
i ¢ “ Bt

016 = L0

s A e e <G | oty = bl § |
mﬁm‘

_J
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: umm-mmmm. Munnumnm»m
mentied scluticn the soletien T -n(n-l;)u-hm 7,610 vi 1o Yekeo a0
the tesperature of the top and bottom faces snd tb temperature on the side surfece
19 taken as the aversge tesperature) therefors we obtain the following expressions

coafficient of amplitude ['(7 oeed, ¢ %oooﬁ') * (v,emp,“ 7'mt\) J
phase difference o [ (p sinf, * Pyeinh; )/ (Pgo0eb, ¢ 7°mt°)]m" 1)

w., a ¢, have the same form 8s in equatim (1), bat without carrying ot aotual
nwrxul camputations we 50e that they become, u the sentrary, almest the same value
whan for around L/R = 6 the nlul of Fo on the lateral face 18 § times that on the
bortam face and for 9. %0 the valus of |$ 4g maintained at the average tanperaturs.
[n the case of a cylinder the terminal sffect bacames still nlJ.l.nr in comparison
wilh Lhe ahJve mentioned norisontal planes, Finally, measurements on samples that give

o srror less than 14 in 0, the phase difference of the central portion have already

raar publighad for a aanl whuite solid when L MR ¢ 1. (Note: see page 325 of the
April 1732 iewua of thie smimals ) Here the letter 1 stands for the effective

Langth of the tesietanse thermomaler: During actual experiments, ,rathey than to s and

LAad Al
malnbalry the AVerege tamperaturs, (insulate: the top and bottom end faces|it is

sasler 10 cover them with good conductors without changing the aversge temperature
af the twe and facas and Lo hold the average temperature inside the tast mterial

oonatany, (hemfore this method was chosen, and when we take /R % 10 there 4s

auff1ciant safety.

6. TRANSINNT PHENOMENA

puring the transient period up to the time vhen the temperature distribution
. the tast material reashes the oscillatory quasi-staticmary stats, the movement

of the moisture ssmbewd cosurs due to the tempersture difference in the test mat-
erials But if the gap in the cylinder holding the test plhrhl is perfeotly
ssaled tight with enamsl or ‘other substenos,.the moisture content is mimyped in the
Lest Material) therefore a4 the quasi-statimary state 1s approached the average
temperature becomes unifors and the molsture esmbess agein returns to & wifors dis-
tributions

ginoe it was not desired during the experimeuts to have the molsture eemhend
conbint nove even during the transient period, below we. shall exsmine the influsnce
of the/vrineient terus whish &lsrept the wnifors famperatirs dstributions .
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Camarg L ot

e Lt A e
few oL -

nmm:m:nmsmu-unnm;m; 4 solved
for the boundary conditioa . (T)rep ® Ty'sin wh md for the initial oonditios

+ (1) yag + then besides Mryeein(t = £) v mst add the followlng expression:

AAEILRD X i BBt/ LY Wrd « @G erereC6)

Here k., are the serces of Jotu) “0, :d =W, I x ¢/R%.

This term is the traasient term which expresses the state that prevails pnul
sach point in the cylindrical test material, which is maintained at the mean tempe-
rature, attains the quasi-stationary state. 3ince this inflwenoce makes the tespera-
ture wave asymmetrical, it is acoampanied by the movemsnt of the moisture wwmvews if
it 1a continued long. Sinca it is generaily not attenuated at the center of the oy~
Linder, iva value there is found oy setting r * 0.

Figure L} shows the result for the case Fy*1,0 of granhing the following

aipression’ 00 - F‘:n}'

v b A
10 =~ uT 'Fo a:‘ftn []

1{ the temperature wave comes just once and no more, this term becomss very small)
iy
' only 11/1e sept at the mean temperature from the very start of the experiment is the

° 7 CHRR v 1aBy(h) sesnennennn(281)

qias)- vtAtionary state suddsnly resched.
Yex! we shall consider the tranatent terw at the time when the test material is '
\maersed LN the thermostatic tank (constant-temperature tank) or when a heating current
just vegins to flows Since the temperature of the water tank must be very oloss to
the maar temperature. & temperature difference is oreated in the direction of the '
rardius #han the ey nntqr}nl 18 immsrsed in the tank, But in cmtrast to this,
the asphalt analytical layer functions as a protective layer in this cass also since
ita therma. conatants are generally small in compariscn with those of the test material,
and although a tamperaturs gradient exists in the malytical layer,it can bs consider-
very slight in the test naterial. Just how mich can be found by computations, but
1t 18 preferable to regulate the intermittent current sent through the heating element,
simultansously with imssreion 1n the tank, in swoh a way that while the difference in
temparatures betwesn the outer part of the test material and its oenter is being
moasured axperimentally the tssperature difference is made se10. The opinion in the .
first report that a strong initiel current should flow in order to lead quickly to '

the quasi-statienary state at this point was in errer. .
When the trensient term in Pigure 3 has already becoms almost steady, the
tesperaturs of the water in the theymestst tank varies scmsshat) but sinoe its
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temperature difference in tne direction of the redius.
7. FERIOD AND AMPLITUDE OF THE TEMPERATURE WAVE, AND mm;f OF MOISTURE

Because the velocity of diffusion of steem fAgures but slightly in the results
of the sxperiments, it i¢ diffioult to disoover relations between the amount of move:
ment of the molsture swwbewt and the tro quantities 17, (temporature anplitude) and
« (period); next, hovlwor. we shall attenpt appreximate caloulations o the basis of
geveral hypothesess »

1f the surface temperature in & semi~infinite body varies as (1g+ Tpoin W),
when the smount of steam that 1sguas each half peried /2 at the surface 18 tne

following expression in units of kg/lz '
¢ r1tee te (17)

L VIIRIVE by )
!

o 03yR ar :
'6re We have assumed that Lo quasi-stationary gtate is the me involved, the stean

¢lomaly followe the tamparature . the aaturation point is attained instantanecusly,

ana tre om of the pal vial pressure of steam and the partial pressure of air (tnat

{y, the Lvota. pressure) i3 vonavani-, The symhois used in this formula Aare dafined thus?

U n‘in = rate of diffunm of steam relahive Lo airi the total pressurs in the

soiid 'xs atmospheric pressure, and for mean temparature To * L' C Lo
raxan a8 U.le
Y k.y‘m!' the dansity difference of saturate ateanm ut Ty
Gow sanee Tyt LS"C. Tt s 25, o = imin = L/00 rour,  we have
0 Y510 - 0.0008
= QAC2Y Kg/l?

-»OCMZDZSg/clz nbu!t&lbl‘d.&.e#lD‘!Olll!(l?')

This is multipliea in the case of the cylinder by the cosfficient of shape
(configuration) seta g« 1t De/R%¢ 1, then Z' is taken as ['™ 0.9 when between

) and 0,95 therefore we have 2
Q-0,0000026g/en oounnuouooon(l?')

Since Formila (17%) merely muuul roughly the order of magnitude, it is actually

batter to determine it axperinentally.

8, PREPARIMG ME EXPERIMENTAL DATA

As for the test materials, we selected porous casting sand in which the moisture
‘omldbondnoui.WtOm. wtttwufmmnhunbomu the
the thermal constants and the moisture oontent (speoific nolsture).

(e ts madiimsens (@ - e ‘g
iy

IRt RS
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TSt shitleg Y B uﬂm |
. ’. . {j}m{:{i%‘r‘ Fye VETRE T SR M Tl _ ""
ntorthd.uotﬂnmml(mv). toe’ shsting shad peseed throsgh
a No 70 sieve but net threwgh a NO 200, Maluumlﬂnnmuuhﬁmm
in water and mall broken fragmnts adbering in star-sheped groups were elixinated.

Acoording %0 the miorosoops, the sise of the graules were all nearly wifomm,

lunpy granules of
vith/average dimmeter of 0.17 mm being the most abmdant) sometimes exoeptional

oval rodeshaped granules were seen wder the microscope snd having leng dismeter

0 )4 ma and short dimsater 0,09 mm. The oamposition of the sand was quarts with 1
part transparent %0 b parts noatranspareat black and red in color. The test material
was packed tightly by a pistan 4nto a round oopper tubs with the measurenents lhoun

in H‘“" -U}o

o

9, DENSITY, POROSITY AWD MOISTURS CONTENT OF MOIST SAND

Tne true density of the teat naterial -r was found at ordinary tesperatures

g Lo equal g *® 2,515 p/u3 by measurement in & gravimetrio bottle evacuated to a ' 1
high degree by & VACUWR PuRp:

Now if we use the following designations in the measurementsl

R om * inner diamater of the round ooppor tubc

L cm * total length. " " !
a gm " weight of dry eand in . " . ' t

W gn * weight of vater contained

we then obtain the following expressions, from which the composite states of water,

air, and sand are clearly found:
Vcns-'lRZL ec-coun(lﬁ)

volume inside the round‘ copper tube
73/0.3' n ¢ H/V e £ 3 8 8 & (19)
(20)

density
speaific®moisture oontent (standard when dry) u = W/m ' /(Leut)e oo e

specific moisture content (moist standard) B' *® W(me W) =p/(le p) .o (22)
....s.a..(??)

volusetric moisture content vV WY

density shen dry lrg/cIJ- (1 +p) ./ 1'0:"——, o o (23)
porosity pel-nglue Lig) =1k IL"') ()
lpooiﬁ.o (gravimetric) saturatien molsture content (dry standard) (25)

W, ® g =(2g)w = uy/Q - SBy) e

| dtto (ot standard) Wb = (U = Mg, /(1 Ug = 1) = u /(L + 0) (26)
Hore porosity p indlcates the volume of air after subtracting the volums of vater
!: g and the volmse of sand 7oy, coutained in mit solid voluss; the saturation
moisture content &xpresses the conditdon where the moisture has driven cut all the air
in the sand. The measurement of uwb;nluﬁ%ubdnoo'méhnmumn
from 10 000 grams o 0,0002 gre W was found by measurement on the usual chemical
balence, by taking sbout 3 grems directly after the Gxperimeat from the middle md ed
| X ot Ao, FEBE T U pht) g‘; |
! ) LY

meuw:‘m“ i 4 ‘*’W

- 4 &

L4 e NGRS - - £t

i
|
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' SHEEINEE T
of the cylindrical-shaped test pateriala mnd drying at 105°C for 5 hours in a drying

aveli-

' 10, THE THERMAL CONDUGTIVITI OF WOIST SAND

< 500 " the period of the temperature wave waed, md

g’ » the phase lag in the temparature wave between the center
° and outsids of the 1ast material as determined oW phiote~ :

graphic printing paper

1£f we take

L f(ﬂ;)ﬁz/'l' N £ 10!

ever we HAVE 150 wnermal sconductivity given by « = FR
has of ihe

We seok tha mean tamperature e at this time Irom the resistence R o

reslatance theniomater: If we campute veforehand the registance Ky ohma at the

A
Cime wim Lm ‘emperature ia T, then we ge'!
RIS 7 SR D 0,001,271, )0, Q0L pa R 2
vom tg.ies 3T errore ware sonsidered 1n sections J 7, wut thene are more eadily

PRI LD asparimantally whan by camputatiama First. among the errure peculiar to

tna measuring AevicAy ATe the foliowing:

Aapn ot ecmiping whethed ar gt (R® wave L8 A pure pircanydal wave afrter pansage
et PRA AT BT lager Y enaiymaryg it ounder A vernier microazdp:  we found 2

TR AR R R b
s{nee the redligtance NIred ware wound 1 the

Chomlida AIlecta were neat L ed,

PYEDU SO T K PRI SHRNES T o actiun

RN IR AR U P T A R L pllase or, Uhe phescgraphir printang [afer Was avuiaed

. er.. ymart ! the 120" partition method.

A~ was glated in tha firal repart, hha errore caussc by the diatortians frow

incorrect iniemal positions due to the distortions in the material of the resistance

on tne center line, thickness, and positions were small, As for the

(sea Figuwe B)
trithusss ARG m-nu/, the radius of the btar was taken from R to Rl

1 from O to R - Af we seek the temperaturs on the center 1ine we get the
(vt - ﬂo) , shich la the imaginary part of the following!

ineipometere
and the teast

tateria

tollowing ax'pfouimx 701-1111

7 = Tee o+ |n®) g®
[ ™ Tt L h’,‘ / | bulmy) KylRy) O
bj(R) K (R)
by(R) k(R) “b(R) | 5 e 0o (29)
B(R ) Kj(R ) -eb(R)

1f we sot n/nl - 0,1 :
Fo = we/RS 6.2832
Yaulr, = 1 7

“/“1, 1
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W Bl T 7 7

g o

th,‘. Y L] ’&--'-iui'ai-‘;“):' BTN ¢ G REN | I YT T SRt M2 T T T
: + F3

than we obtain thm 4 = (0,238125 ¢ 0J0LILKL c)/(o.poio&'- 0,001682 O 00 (20
For %1, we have £ = 1,,203°, sbioh 15 4n sgreenent with the resuilts of the
rtr;t report. fable 5 shows the variaticm, ‘o with ¢ as camputed fxom Formuls (30)i
1f o steel bar is inserted in the center porticn, then sigea @ beoames 11,35 relative
v dry sand and therefore the phase lag becomes large. If & glass rod is used, than
@ becones 0,755 relative to moist send snd the lag becomes about l.2% smaller,

0f oowrse in wcllbqn-nnumod computations the thickness of the inserted rod
wad taken 1/10 of the diameter of the test material and W= Ry, but in thees axperi-
ments in which the thickness of the rod was less than 1/20 the error was 1 part in

several tens of the above-msniicned table. Since metal rods cause stil] more uncer-

tainty . we selected a glass rod easy to works The temperature messured in ths determi

siore,
saticns vas not at r = O but at the surtace of contact; namely, at r = R. The roda‘,

tran and similar
Table 5 The Error in Pnase Due to the Hatio of lieat
Transport Rates Between Test Material and
Different Materiale Inserted.

signa By drror 1% %

¢

00 L3 &0) s feb?

ot 1J. 0 . ¢ 3N

i U2 ¢ 000 ‘ !
AN lbc L‘bo la

TR YR LV0 NS )

(%) We shall attampt tc oompute the error that occwrred becauae the t.heriomur was
piaceg on the outsids instead of or the inside of the copper tube. The thiskness of
the round sopper tube was 0.0Vl m and the thermal oonduetivaty of copper ts about

0 W n'/n, tberefore disregarding tha curvature svery time that COpper was used we
found. for tau & = 60 seconds, F, = 0:368/60 x (0,001)2 = 6330, Consequently, in the
cade where the test material used is a substance whoss thermal oconductivity is smaller.
than that of copper, a phass difference in the thickness of the tube 1s not oreated,
and the temperature waves somewhat nomconcentric in the analytis layer can anly be
corrected as to conocmntrioity, 'Fum 15 is a photograph taken for m/&*uu

the thermometor was attached on the wuiwo}n‘tg.md tubs and the test matarial

used was moist send, One cannot discern any phase difference betwean the two cases.

The various causes that produce water movemmts during the experiments are the
followings l ‘
(1) Because the temperatures at the top and bottom end-faces of the tube are not the
Mean temperature, thermo-couples were buried in three places in the test material; '
nanely, top) widdls, end bottom, where the determinatisas were made. Bub under quasi-
stationary ccoditions & temperature difference of less than 0,08°C barely appearsd.
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. of epsilon g versus m,n is showm 4n ,Table 6, and the wave on the photographic

LRSS VAL SR " ] ] ’.&‘umi&iﬁﬁq‘\ !m !”Wnﬂuxm.ﬂzaﬁﬁf -

e powemewmy g

(2) m,mmzmmwmﬁq—m.nm |
find ite influence, although mail aeecrding %o sestion 6y Srem eperiments) 1% om !
be expected that this aeymmetry will bave scme effect KiLlar %o thst of (3) below. |
(1) Because the wniforn temperatare distribuiien in the tert material s disripted
ut the tie it 1g Lmmarsed in the large Water bank or Whem the heating owrent begins |
to flow, differential thermo-couples are inserted in the center and the sides of the
vent material which is :..-orud in & water tnk whose temperature ia 3°C lower and then
the temperaturs difference betwosn the center and the cutside is read, for the purpase
<f determining to just what extent the temperature distribution is dervpted. In the
first huf of Figure 16 we see that according to curve (a) the outside 4s much higher |
\han the center after 67 minutes, the temperature then becoming equal to 0,65%¢C. .
Tre senord half of curve (a) shows the effect af the heat added; it isfwourve obtained

wran a regular current flows through intermittently after the firwt halfs Similarly, |
;f‘ur & « 7 minutes a temparature difference of 0.9°C was created in the reverse

Jpeeitiun, and aftar uhat gradually decreased as the mean temperature rogé, Curve

“,) shiwd the case where in order t¢ make the temperature difference amall a wveak

Caurrent 1s cAussd to fiow at the same lime tnat the tast material is immersed in the

watn: tanh, the tamperaturs diffarence 18 gradually made greatar by regulating the
current. By this method the tamperature difference can ba Limited to the maighborhood
of 5,270 :
{41 Sinee the period and the amplitude are too large, e must judge them from the
results of numerous axperiments
1aey of
Thers are n¢ limita Lo the errors caused by,\omlﬁ-b- Let us try to find the
lag apsilong in the phase of the galvanometer, which causes considerable error.
1t we use the following designations!
w * period of a pure sinusoidal tamperature wave
ag ¢ period of the galvanometer
'n = the ratio «/ vg
and L€ we consider the forced steady-state cscillaticns, we obtain the lag
"lrctm(..-%:m) aono~uull.-ooaoa-;cnaaa-‘.}l)
n depends up the conditions of damping} = becomes infinite 6 if there is no g

attenuation (dscay dmping), becames 1 for limiting (critical) damping. The value

printing paper lags Just this wuch from the actual temperature wave.
mgmmmmmdummmu.n,nwwbymmogm »
Cowpany thonfm,vg‘iSue, and 1f ¥ v §0 seo then n * 12 (or if & = 90 sec

then n = 18). :
(4, .
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Pahls 6o Fhase u;,\ln mvu-ljr TespiTature Vave

»*l, #=0,T32 "3y | DTN "p W"2,1%6
LX) 54766 = 34850
9-533 140800 3,200 .
84161, L4+ 100 2,733
7.150 3.58) 2:400
0367 3-522 ' 2.133
5716 2.0 1.916

o

§ince the sensitivity of the galvanometer ls proporticnal to the square of the
parlod Ln general, one'with too short & period is not used; aleo, sinca iU is dampad

.

gonarally by the oritical damping, the phase difference becoma musually large-
nuat the seme

"Sonsaquently, in this method two galvanometers with the same period/ be put in/demp-

tng camdition and thus their relative phass differences are always maintained cunavante
Fipura 10 anows the cass where twy gnlu:inmtun are comnnacted in series) there is no
;hase 1Lfleren e Latwasn the two Lemparature wares on the figure (both galvanometars
ra. o 181 Lhe saime Lewpsrahre wave)

Firally, w3 may Lnvestlpatls whathar wie molisture moves or not when the temparatire
WRYR h pari ot And ampoitiude wnd Ste NAstiAN LUurreit are given various valaes.  Here
VLiTe We IHRY vaTy ofn ALY Weg eilDer tai 4 or R OAn the expredsion F » .'r,"R‘?. wa Y5ed

Cla) entne the pasiad te made Lo tary D Wean G oang 95 ameands,

LN el Ael ARANe - 0
voar oane photegtepn 1 Laken idar staaldy state and than alnap

civamo¢ oanitianed) Liarupidon ol Whis State anovner photograph 12 taken of the new
AUARTY STACE. whar the regully ars Canpared.

n‘.;»u-u C ANt i shtow the ressits of such 4 method  Figure 1E shows twe photy
gtapha for the same st matarial taken aceording te she methol under (2) mantloneds
here LM LAMpSTRTIFe wives waiW 1n ALMOSL the &Wme places. Wa clearly ses thet %ns
reanlts are i1deitical and that the transient term of heating has no influence. Figurs
{2 snows the case whers the period is varied. ‘

Figure 20 shows the expariment where the thermal conductivity kappa a 13 found as

s function of the dry-standard moisture content mu i (on the abscissa axis), for cons.
tant dry lensity gamma ey * 1100 lcg/lr3 and temperature T, * us*c.
indioate

Tha various symbols ¥ 6 ilhon the determinations were made for various periods;
since they lie well on the same curve, we can say that within the ]imits of thess ex:
periments (maximum amplitude 0:.2°C and periods 60 ~ 90 weconds) the movemant of the
moisture has been prevented, .

When we examine the varlation of kappa x dus tc mu u, we ses that from the origin
bwO top » 9% (the moisture inoreases) the value of kappa Kalso increases, but very
sharply) however when | passes 9 £ the curve descends.

That 1s, in the neighborhood of K * 9 % kappa & 48 & maximun.

When Wy u,* 51.11, the air bubhles (blow holes, vapor bubbles) in the m'oing
2w, th, see_phpess of solid-liguid-gan

it o ke Cukned Y .m. niu‘mu‘mmnmsﬁmm“m €.
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become two phasest solid and 1iquid end thezefore we arv oubeidé the limite of our -
methode of determination. . '

11, THE RATE OF HEAT TRANSMISSION IN MOIST SAND

The rate of heat trensmission in moist sand is found from the followdng formulal
N = K04y (vhors lambda is wits of g/om rsee) » o . (32)
Here the specific heat of moist sand o (in unite of cals/g °C) is given by
¢ wng 0 u/(dem) ® o (1) ¢ W P ogE ¢ Viy, 0V (33)
The especifis heat for the dry case ¢, is found by the eewpewhbemrthod method of
{according to unpublished report). . .

¢ & ¢ 8 € 8 8 9% @ 8
t

nixtures
Figure 21 shows the variatlon of Nk, & with the volumetric (apeoific, 1.e¢
ralative Lo unit volume) moisture content nu y (n the horisontal axie); although
Kaipe Nas & macimim at y & 7%, lambda does net. Table 7 shows the measurements for
iambda N of dry sand by ihe compariion mathed, tube method ; and insertion method:

Tabla v Rate of Heatinz oft(é:nd\@ for L,0°¢

[ LEERTH Moterure suntant of Haat Truvamivelun Rava N
Feriod PRI 1,150

ISELTASI [VERPR . 150

™k Q440 slil '
Somparisx 0,80 0.7

Ha;c. vhal ws msan by Lhe cumparison metnnod is the methnd where the heat
Lraiemiasidn reiA 18 FOMPArSS #1LN KNOwn standard tables; the tubs method is the
methed where a huiing wire is placei in the senter and the losa of heat from thie
wire while at staafy 'state tonditians is measured; the insertion mathod is the
mtrod where a solid at uniform temperature is immersed in a thermostatic tank at
some other temperature and kappa g is sought by finding the tewperature variation
at a cartain poiat during the trasient stats.

Let us consider the reasons for the variation of laxbda N the heat transmission
rate with the molsture content as shoun in Figure 21l. Under the microscope it can
be sean that when water is put in sand the surface tension ocauses.a vater fila to
be stretched over the contact faces between the various smd granules.

When this water film (aqueous membrane) stretches, the contact ares increases
and the contact heat resistance decreases thus ‘causing lsmbda '\ to bscome larger;
however when the vater becaaes too abundmt above a certain level the increass in the
cantact area relative to the increase in volume of the water is not so evident as
in the begimning. Also, water is n}bcorbod even in places other than the contact faces,
and lambda Ndoes not inoresse at the initial rete. Consequently this experimental
result that lasbda X incresses initially repidly and then latsr rises more slowly
can be thought of as natural end ow‘jz.sull, tn order to made this idea

»
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more concrete, consider the grannlss & spherioal and packed together in reguler order 1
and then calculate the isothermal surfaces) in this way the above-mntioned mﬂﬁnm t

resulte can thus be ﬁcmﬂnll: derived (sccording to a report il unpubliahed) |
Since there are no other suitable methods we cannot learn the acourasy of these : 1

esprrimantal methods, but it oan be thought that we have An acourasy within # 4% froa

wis foilewing facvas before and after the sxperiments thers were a0 variations or

difrerencea in Whe moisture content) the smme results were obtained even thoqzh whe _
pericds ware varied and the sonditions goveming heating were made variousj and the i
vaiu® for dry sand ware close, showing 8 scatter of the exporimental pointsa of only
v ik n-"o;;-ng the results of the various methods (comparison, tube, insertion,
reriod were u‘»-f"v",uaf’?é’.

t Finally. the author wishas to Laxe this opportunity to thank Professor NUKTYAMA
| sniro of tne THMIOKU laperial University for his kind guidance-: Par; of the sxpenses
fur =arPYIRg MY these ayparimant? vere 1efrayed by the financial azsistance of the

LALTE (GON BAD (SALTG Gratitae Awsocration) and the Imperial Academy.
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